This cross-sectional study investigates the time weighted average (TWA) exposure of bakeries workers to the particulate matters concentration in the randomly selected bakeries workers. Air samples were collected from worker inhalation area in the workplaces by personal sampling method (PTFE Membrane SKC Filter with 25 mm, 2.0-µm pore sizes and SKC personal samplers pump with flow rate of 2 L/min). Filters were weighted by digital balance before and after sampling in the controlled laboratory. It was found that particulate matters concentration was higher than the National Institute of Occupational Safety and Health (NIOSH) permissible exposure limit (1mg/m ). The indoor related humidity ratio (RH) and indoor dry bulb temperature 3 were 65%, 32 °C, respectively. Indoor air pollution was observed in this group after consecutively controlling the effects of indoor related humidity and indoor dry bulb temperature. Due to the design of the current crosssectional nature, causal inferences cannot be made. The limitations of design and measurement are discussed in the context of the workplaces assessment field.
INTRODUCTION
section albumin is the main cause of allergies and asthma
Occupational exposure to flour occurs mainly in leading to the enhance of the antibody specific serum and occupations in bakeries, flour mills, other food-producing increased allergies, respiratory disorders and ultimately and processing industries, as well as related industries "Asthma" [1, 2] . such as enzyme-producing and baking-ingredient Baker's asthma due to airborne allergens present in industries. Many of these bakeries are increasingly flour dust in the work environment is one of the most located in small-scale enterprises and supermarkets in commonly reported manifestations of worldwide Iran. Although exposure to inhalable flour dust and occupational asthma [3] . Assessment flour dust pollution allergens among bakery workers has been very well in the workshops bakery and side products that somehow documented. There are no exposure assessments studies deal with the flour dust in terms of health care for workers. reported of workers in bakeries within the Iranian
The defined results are important and it's outcome may academic publications.
improve the quality of workers' knowledge in order to Considering the extensive use of cereals and breads prevent respiratory diseases caused by the exposure of made from grain flour in 4 to 25% of people exposed to dust flour [4, 5] . In this work, according to geographical allergic reactions from consumption of grain or flour location and previous investigations involved different dust contact with it can be seen at least 40 allergenic factors such as culture, job status, safe and healthy proteins in the flour prepared in wheat. There are two workplaces are investigated. Numerous studies have main classified solutions as (albumin and globulin) and evaluated exposure to flour dust among bakery workers insoluble in water (gliadin and glutenin) [2] . The results of [4] . Most of these studies have been conducted in other similar studies, research suggests that in addition to industrial bakeries, where the differences in exposure (Baker's asthma) inhaling or consumption Golbadin [14] . in the workers' breathing zone using IOM sampling heads Based on indoor air quality research results were with polytetra fluoro ethylene filters (PTFE Membrane, studied on relationship level between meteorological SKC) with 2µm pore size. In order to have fixed flow rate factors and air pollution concentrations [15] . They used of 2 L/min, the SKC sampler pump was calibrated by film a general regression equation, which has three flow meter soap device. Field blanks were included for independent variables and one dependent variable, as each sampling visit. For each gravimetric stage, the filters equation is stated as follows: were weighted twice in a preconditioned room (kept at constant temperature and humidity) before and after y = a + b x + b x + b x + e sampling were undertaken and the personal dust exposure The data of logarithm of interior concentration (ln C, randomly selected from different areas of the bakery µg/m ), interior temperature (T, °C), interior humidity (H, where flour products were used. %) and days of work (D, days) at each air sampling were Analytical Method: A 25mm, 2µm pore size poly tetra parameters (A, B , B and B ) were estimated by a linear fluoro ethylene (PTFE) filter with support ring is used as least-squares correlation for each compound. Data the filtration medium. The filter was supported by a analyses were performed using the software stainless steel screen that is supplied with the personal STATISTICA resulting in following Equation: environmental monitor. In the laboratory, the weighing room was set on 22°C and 40% as a permissible lnC=B + B .T + B . RH temperature and relative humidity, respectively. The SKC Leland Legacy pump (UK) was calibrated with a soap film where A is the intercept of the regression line; B1 and B2 flow meter in the laboratory at 2 liters per minute (± 5%) are regression coefficients related to the interior and distributed among the workers for personal sampling. temperature (T) and interior humidity (H), respectively After sampling all the PTFE filters were stored in a [16] . laboratory refrigerator at 41°C until they were analyzed (storage duration was 90 days). Samples were analyzed in RESULTS a same time in the study laboratory. Gravimetric technique was used to analyze the PTFE filters. Filters were During the curse of investigation, eighty full-shift weighted using a Sartorius ME 5 (Sartorius AG, personal samples were collected. Correlation is significant at the 0.05 level (2-tailed). Correlation is significant at the 0.05 level (2-tailed). Correlation is significant at the 0.05 level (2-tailed).
The bakeries were divided in 3 groups: industrial (I), traditional (T) and mixed (M) in Table 1 . Descriptive statistical analysis for indoor air variables is summarized in Table 1 These values can be considered as high, compared to NIOSH permissible exposure limit value (1 mg/m ). The 3 mean Pollutant concentration was 28 mg/m . 3 The lowest mean pollutant concentration (21 mg/m³) was observed in bakeries which have the biggest size 350 m³. Conversely, the highest means pollutant concentration of 32 mg/m³ was observed in small workplace.
Correlation Between Pollutant and Indoor Air
Variables: For better understanding of behavior of such particulates matter in the study workplaces, multivariable regression model was used to determine the correlation among dependent and independent variables. The results showed that three parameters are strongly correlated with pollutant concentration (mg/m ) 3 as dependent variable at 0.05 level, 2-tailed (P < 0.05) ( Tables 2-5 ).
The constant coefficients related to dry bulb temperature, relative humidity and shop size. The independent variables (dry bulb temperature, relative humidity and workplace size) were obtained for the model to get the regression coefficients for pollutant concentration in the bakeries.
Multicollinearity refers to linear inter-correlation among psychrometric variables. If psychrometric variables (relative humidity, dry bulb temperature and dimension of workplaces) highly correlated they are redundant in the same model. The best regression models are those in which the predictor variables each is highly correlated with the dependent (outcome) variable but correlated at most only minimally with each other (see Table 6 ). y = 15.11 + 0.25 Td + 0.11 RH -0.041 S The above equation implies that dry bulb temperature and relative humidity affects inhalable particulate matters concentration in the work places. The results of the summary entail that two of parameters (dry bulb temperature and relative humidity) can be significant predictors of pollutant concentration condition in the bakeries workplaces. DISCUSSION 20 µg/m is suggested. When using this result, the This study demonstrates that bakers have the limit value, it is clear that bakery workers are not safe and highest 8-hour average dust exposures, compared with adequately protected against the allergic health risk confectioners. The average inhalable flour dust exposures associated with flour dust if the current legal standards for the bakery workers in this study among workers in are applied. industrial and traditional bakeries (20 mg/m ) was higher
Results of dry bulb temperature, relative humidity 3 than the levels reported by other researchers (2.2-4.7 and shop size were associated with significantly increased mg/m ) [7] , (0.56-2.10 mg/m ) [8] and (0.7-4.5 mg/m ) [9] .
exposures, but other parameters such as ventilation, 3 3 3 More importantly, job titles associated with high working time and kind of bread were not significant. The particulate matters levels in present work are consistent obtained results in this work supported by the results of with almost all other studies reported in literature.
multiple regression modeling. Two factors, dry bulb In this study, as a well documented findings full-shift temperature and relative humidity increasing and shop inhalable dust exposures observed tended to be size decreasing time weighted average inhalable dust somewhat higher than those reported by other exposure in the bakeries. One of the most important investigators [7] [8] [9] . Compare to other studies, present factors increasing TWA inhalable dust exposure was time research illustrates to have high mean exposure and high spent pouring or dusting in the workplaces. Clearly, percentage of the exposures above 20 mg/m . Traditional decreasing time spent pouring, dusting and weighing 3 bakeries were exposed to higher concentrations of flour should reduce exposure. inhalable dust than those involved in other type production that was due to poor ventilation or non-CONCLUSION appropriated design of work area. Full-shift inhalable dust exposure in industrial ventilated bakeries was higher than This pilot study of exposure characterization among that in without any system; it may be due to high bakery workers in Iran is one of kind of studies conducted production capacity, variety of cooking stove and in workplaces. These outcomes showed that there is workers. There was a high level of pollution in winter serious needs to have these legal exposure standards (cool weather, 18-25°C) compared to autumn (moderate revised. The results of this cross-sectional study will be weather, 26-32 °C) in assessed bakeries. The results of used to optimize the control strategy for the larger and present study has illustrated that all kind of bakeries more detailed baseline exposure assessment study to flour (industrial, traditional and mixed) have the maximum mean dust and flour allergens in bakeries of these shops. concentration of inhalable flour dust particulate compare to threshold limit value (1 mg/m ). AKNOWLEDGEMENT 3 In other survey observed that silo and bin cleaning tasks resulted in maximum dust exposures but there were Present work was funded by Mazandaran University no cleaning tasks in this study. For other parameters, use of Medical Sciences. Author would like to thank the of local exhaust ventilation systems in bakeries has not members of the Field Scientific Support Unit at assistant been stated in literature [10] . Absence or non perfect local of Health Executive (in particular Engineers M. Asadi and of exhaust ventilation in the assessed bakeries made it R. Panahi and S.E. Rashidaei) for their help with the impossible to use our data in assessing its effectiveness organization and conduction of study, date collection and in controlling inhalable flour dust exposure [10] . The mean completion of the occupational hygiene reports. inhalable flour dust exposures of this group of bakery workers were lower than the levels reported by others [11] 
